Introduction
The World Health Organization (WHO) estimates that, every year there are more than a million new cases of pregnant women with Treponema pallidum infection worldwide, with risk of adverse outcomes in 65% of these pregnancies. 1 In view of this scenario, global initiatives were rolled out to eliminate vertical transmission of syphilis by 2015, with the aim of achieving incidence rates below 0.5 cases per 1,000 live births. In order to achieve this target, it was stipulated that at least 90% of pregnant women with syphilis should receive adequate treatment. 1, 2 It is known that pregnant women diagnosed and treated early have reduced risk of vertical transmission of syphilis and less likelihood of having unfavorable outcomes for the baby, when compared to those receiving late antibiotic intervention. 3 Inadequate antenatal care, in turn, is a critical factor for increased cases of congenital syphilis (CS), given that for the most part the opportunity for diagnosis and treatment arises during this period. 4, 5 The Family Health Strategy (FHS), proposed as a health care model by the National Primary Health Care Policy, has contributed to the scaling up of health service provision in Brazil. Nevertheless, FHS faces substantial challenges with regard to the population having comprehensive and timely access to these services. 6 Antenatal care is an important component of the care offered by family health teams and is a key moment for adequate management of infections that can be transmitted from mother to child, such as syphilis, a disease capable of raising the risk of fetal loss in up to 21% of infected pregnant women, when compared to their uninfected counterparts. 7 The Rede Cegonha (Stork Network) was created within the Brazilian Unified Health System (SUS) in 2011. It established guidelines for quality maternal and child care. Reducing congenital syphilis (CS) was proposed as an essential strategy within its antenatal component. Scaling up rapid testing for syphilis in the first and third trimesters of pregnancy was recommended with the aim of making timely diagnosis and treatment feasible. 8 The assumption is that scaling up pregnant women's access to the antenatal care service network in Brazil, preferably in FHS primary health care facilities, 8 is an important ally in reducing harm to the health of mother and child, including vertical transmission of syphilis.
The objective of this study was to analyze the incidence of syphilis in pregnant women (SPW) and congenital syphilis (CS) and the correlation of these indicators with FHS coverage in the state of Goiás between 2007 and 2014.
Methods
We conducted an ecological study of recorded cases of CS and SPW in the state of Goiás and also of FHS coverage in municipalities in Goiás reporting cases for the period 2007 to 2014.
In 2015 the population of the state of Goiás was estimated to be 6,778,772 inhabitants distributed over 246 municipalities which, in turn, are grouped into five Health Macroregions: Northeast, West Central, North Central, Southeast and Southwest. 9 The study's target population was comprised of all CS and SPW cases reported in Goiás, by municipality and health macroregion during the study period. FHS was taken to be a proxy for access to health services including antenatal care.
The dependent variables were the CS incidence coefficient and the SPW detection coefficient per 1,000 live births. In order to calculate CS incidence coefficients, we used the number of cases reported per year of diagnosis and place of residence, divided by the number of live births in the same place and year, multiplied by 1,000. The SPW detection coefficients were derived from the ratio between the number of pregnant women reported as having syphilis and the number of live births in the same year and place, multiplied by the constant of 1,000 live births.
In order to analyze the correlation between FHS coverage and syphilis incidence (SPW and CS), we considered those municipalities that reported at least one case between 2007 and 2014, excluding places reporting no cases and places with no information on cases. Scatter graphs were produced for the syphilis incidence coefficients (SPW and CS) in relation to percentage FHS coverage. Spearman's correlation (ρ=rho) was applied as a statistical test, with the purpose of verifying the relationship between FHS coverage and CS and SPW incidence for each year being studied.
Fisher's exact test (mid-P method) 10 was used to compare differences in FHS coverage proportions between the SPW and CS incidence coefficients for the period 2007-2014. The cumulative incidence ratios were also calculated, i.e. the rate ratios (RR) for the indicators between the first year and the last year of the time series.
Data analysis was performed using Microsoft® Excel 2010 and IBM® SPSS Statistics 22.0. P-values of <0.05 were taken to be statistically significant for all the statistical tests.
The 
Results
Between 2007 and 2014, 3,890 cases of SPW and 663 cases of CS were reported for the whole of the state of Goiás. Of total CS cases, 99.0% (657) were reported in children aged under one year old, 75.2% (499) of whom were born to mothers who had had antenatal care. In 2014 alone, 236 CS cases were reported, accounting for 35.6% of total reported cases for the entire period studied. The SPW detection coefficient in Goiás increased 3.4 times in the period, from 2.8/1,000 live births in 2007 to 9.5/1,000 live births in 2014 (RR=3.4; p<0.001). Similarly, between 2007 and 2014, the CS incidence coefficient increased 8.3 times, from 0.3 to 2.5 cases per 1,000 live births (RR=8.3; p<0.001) ( Table 1) .
In 2014, all of Goiás' health macroregions had CS incidence coefficients equal to or greater than 0.5 cases per 1,000 live births, in particular the Southeast macroregion, which had the largest incidence coefficient increase among all the state's macroregions (RR=26.0; p<0.001). Only the Northeast macroregion showed a fall in the CS indicator between 2007 and 2014, although it was not statistically significant (RR=0.6; p=0.262). In the same period (2007-2014), the SPW detection coefficient increased in all the health macroregions (p<0.001) ( Table 1) . (Figures 1 and 2) .
A positive correlation was found between percentage increase in FHS coverage and the increase in the SPW detection coefficient in almost all years (p<0.05), the only exception being 2012 (ρ=0.106; p=0.320) (Figure 1 ). This positive correlation was also found in relation to CS incidence in the majority of years studied (p<0.05), with the exception of 2008 (ρ=0.477; p=0.117), 2012 (ρ=0.463; p=0.053) and 2014 (ρ=0.241; p=0.079), these being years in which statistical significance was not achieved (Figure 2) .
When comparing the first and last years of the time series, i.e. 2007 and 2014, a significant increase was found in the CS incidence coefficient in municipalities with FHS coverage ≤25% (RR=5.8; p<0.001), >25% and <50% (RR=7.5; p<0.001) and ≥50% and <75% (RR=1.6; p-value<0,001). Notwithstanding, in the highest FHS coverage stratum (≥75%) no statistical difference was found in the CS incidence coefficient between 2007 and 2014 (RR=0.9; p=0.602) ( Table 2) .
Discussion
There was an increase in both the number of municipalities reporting cases and also in SPW and CS incidence in the state of Goiás between 2007 and 2014. Percentage FHS coverage showed positive correlation with the number of SPW and CS cases in the majority of the years studied. It is noteworthy that the increase in the number of CS cases between 2007 and 2014 was more evident in municipalities with FHS coverage below 75%.
The design of our study does not enable a causal relationship between FHS coverage in the municipalities and the number of SPW and CS cases to be proven. FHS coverage was used as an indirect measurement of access to antenatal care; however, this is not the only indicator of access to this service. 11, 12 The use of secondary data coming from passive reporting of syphilis cases, may only account for part of existing cases. Nevertheless, we believe that possible underreporting would not substantially change the direction taken by the results our study found, given that the coefficients increased over the period. There is also the possibility of the number of cases being overestimated as a result of difficulties in investigating these cases in order to confirm CS diagnosis, given that the same case reporting criteria were maintained throughout the period analyzed.
Our study investigated the relationship between syphilis incidence (CS and SPW) and FHS coverage, regardless of the length of time in service and the experience of the FHS teams. Moreover, no adjustment was made regarding the sociodemographic profile of the municipalities reporting cases.
The growth in the number of SPW and CS cases both in Goiás and also in Brazil as a whole, above all with effect from 2012, may suggest an increase in surveillance actions, in addition to indicating a real increase in the number of cases as sexually transmitted infections (IST) become more widespread, as has been observed in different regions of the world. 13, 14 Greater occurrence of acquired syphilis in the Brazilian states in recent years suggests growth of unprotected sexual practices, impacting on the growth of SPW cases and having repercussions on the difficulty in interrupting the syphilis transmission chain, principally through pregnant women getting reinfected via untreated sex partners. 14, 15 The 'Handbook of Good Practices: penicillin use in primary care to prevent congenital syphilis in Brazil' was released in 2015. Its emphasis was placed on the need for health teams to initiate treatment of pregnant women without hesitation. This recommendation was justified by rare occurrences of adverse reactions and by the existence of a specific care protocol for urgent situations in Primary Care. 15 Another important practice has been the prioritization of pregnant women regarding penicillin use in the event of penicillin stockouts. 16 Notwithstanding the existence of this and other strategies to ensure the use of penicillin by pregnant women in Primary Care especially with effect from 2015, the increase in cases in 2014, the final year of the time series we studied, may be related to factors such as: shortage of penicillin on the market; decentralized distribution of rapid syphilis tests in Primary Care leading, to increased access to screening for infection; or it may also be related to late and inadequate treatment of infection, with loss of patient follow-up in the health care network. 5, 17, 18 The positive correlation between the SPW detection coefficient and FHS coverage found in our study reinforces the hypothesis of scaling up syphilis 0  20  40  60  80  100   100  90  80  70  60  50  40  30  20  10  0   100  90  80  70  60  50  40  30  20  10  0   100  90  80  70  60  50  40  30  20  10  0   100  90  80  70  60  50  40  30  20  10  0   100  90  80  70  60  50  40  30  20  10  0   100  90  80  70  60  50  40  30  20  10  0   100  90  80  70  60  50  40  30  20  10  0   100  90  80  70  60  50  40  30  20  10  0 Syphilis incidence in pregnant women per 1,000 live births (N=51) Syphilis incidence in pregnant women per 1,000 live births (N=78)
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testing coverage and reporting cases of infected pregnant women within FHS services. These actions are contributing to strengthening antenatal services, especially following the implantation of the stork network in 2011 and the Health Surveillance Action Qualification Program in 2013. 8, 19 CS is considered to be a sentinel event regarding the quality of antenatal care. Effective health actions are capable of avoiding CS. 20 Municipalities with percentage FHS coverage below 75% had the greatest increase in the number of CS cases over the period studied when compared to those with higher FHS coverage. Within this context, apart from the need to scale up access, it is also important to investigate the response capacity of the primary health service network in the state, with the aim of proposing improvements to access to diagnosis and, above all, to adequate and timely intervention, these being aspects indicated as being weaknesses in the interruption of the transmission chain. These are conclusions reached by studies conducted in the Brazilian states of Ceará and São Paulo. 21, 22 Scaling up of FHS coverage in Goiás' health macroregions has followed the national trend. According to the Health Ministry's Primary Care Department, in Brazil as a whole, over 15 years, expanded by more than four times the population covered by Family Health, from 14.1% in 2000 to 59.7% in 2014. 23 In Goiás, 240 family health teams were implanted between 2007 and 2014, increasing FHS coverage from 55.9% to 64.6%. 23 There was no significant decrease in CS in municipalities with higher FHS coverage (≥75%) in the period studied. This shows the need to investigate other factors interfering in the response to this congenital infection, such as sociodemographic conditions and health care conditions in these municipalities. A time series study conducted in Brazil between 2003 and 2008 found more intense CS reduction in municipalities with greater FHS coverage strata; however, the negative correlation between CS incidence and FHS coverage was not maintained following adjustment for potential confounding variables, thus suggesting that the reduction in CS might not be attributable to FHS but rather to the municipalities' antenatal coverage and their demographic characteristics. 24 Another important aspect to raise, which is a challenge to preventing vertical transmission of syphilis, is the adequate training of health professionals, especially those working in antenatal services. 25 A study conducted in Brazil on hospitalizations owing to primary care sensitive conditions found that FHS has contributed to progress in addressing certain health conditions; however, the same investigation highlighted the need for health team training and better targeting of actions. 26 Another national study this time conducted between 2011 and 2012, found that despite high antenatal coverage, only one fifth of women attending the services received adequate care in terms of minimum procedures recommended by the Health Ministry. According to the same study, less than 50% of pregnant women had the recommended two blood tests for syphilis during pregnancy. These factors reduce the possibility of adequate intervention and contribute to increased cases of vertical transmission, as our study reveals. 19, 27 The difficulties encountered in combating syphilis are countless. With the aim of providing better elucidation as to the main obstacles in controlling vertical transmission of syphilis within the context of the different Brazilian realities, the Ministry of Health encourages the creation of committees to investigate CS cases. Furthermore, in late 2014 the Ministry released its 'Protocol for the Investigation of Vertical Transmission' with regard to STI, HIV/ AIDS and viral hepatitis surveillance, prevention and control, including cases of early CS. The publication is a guidance tool for investigating individual, care service and management vulnerabilities which have direct impact on increased cases. 28 FHS is a privileged space for territorial intervention. However, there needs to be more in-depth discussion on the issue of SPW and CS with regard to intersectoral public policies, so as to integrate FHS with other Syphilis and correlation with Family Health Strategy coverage health care network points, which in turn need to be integrated with other social sectors. 6 Furthermore, the creation of spaces of social participation should be encouraged in order to jointly build actions capable of having an effective impact on the reality of this infection.
SPW and CS incidence increased over the period, and had positive correlation with increased FHS coverage in the majority of the years studied. The spread of the epidemic and loss of opportunities in preventing vertical transmission of syphilis can be seen, including in municipalities with high Family Health Strategy coverage. This indicates the need to strengthen Primary Care, in particular with regard to those aspects related to quality of antenatal care and quality of the investigation of the factors involved in vertical transmission of syphilis with the aim of achieving more assertive interventions.
